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SUa1?iARY 

This reoort describes the installation of six-cylinder blocks 
froTTi two in-line aircrai't engines on CUE crankc-.ses. The arlap na- 
tion permits the separate operation of any cylinder as p'^'.rt of a 
single-cylinder tsst encdne. The overViead camshaft is driven fro:?, 
one "of the half-speed acceESory drive shafts of the CUE crankcase 
through 9 chain drive. All tivi inlet and the exhaust vilves of the 
raulticylinder block am loft in operation. The cylinder blocks and 
the valve laechanisnt; are -onaltered and after use on the ("JE crank- 
case tney can be rotumed to mult icy linder service. 



Ii'iTRODUCTIOK 

The difficulty of reproducin.-: in Ginf;lc;-cylinder construction 
the coolant flow, trie heat flow, and the stress conditions that 
exist in the raulticylinder block of in-line, liquid-cooled engines _ 
makes it of approci'ablr advantaj^e to test any cylinder from a titjUx- 
cvlinder block on a single-cylinder crankcase vrithout resorting to 
a" simulated sinf^le-cy Under construction. The high rate of coolant 
flow passinr, through cylinder blocks norraally results in a small 
temperature'^Tra-dient froTi one end of the cylinder block to the other 
or between cylinders. This temperature gradient is somewhat less 
than that of' the singla-cyl.inder construction. 

A farther adva:ita;':e of usinj' multicylinder-en-ine blocks for 
sin^?:le-cylinder tests Ijes in the greater availability of standard 
engine parts. 

A sinfle-cylinder CUE crankca.se has been set up at th^ Aircraft 
Bn.-'ine Rese-arch Laboratory for hi;^h-output fuel tests with the 
Allison V-1710 cylinder block. A CUE crankcase has been set uo upon 
which a Rolls Royce V-1650 cylirider block is mounted. This report 
has been prepared as a result of requests for information concerning 
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details of these installations. Copies of the shop drawings used 
for these installations can be obtained upon request from the NACA. 

These projects were undertaken by the staff of the Fuels and 
Lubricants Division of the Aircraft Engine Research Laboratory of 
the NACA at Cleveland, Ohio, during I9U3. 



MODIFICATIONS TO THE CUE Cn./U^iKCASE 

The Waukesha CUE crankcases used for the installation of the 
Allison and the Rolls Royce cylinder blocks are of the standard 
type described in reference Ic In both installations the cylinder 
blocks are mounted mth the cylinder-barrel skirts above the top 
plate of the engine. The installations require somewhat longer 
connecting rods than are standard for these respective aircraft 
engines. The CUE connecting rods for the Allison and the Rolls 

Royce blocks have a center-to-center length of 13^ and 13^ inches, 
respectively. h 

The position of tb.e cylinder blocks necessitates machining a 
channel in the camshaft supporting plates as shown in figure 1, 
Furthermore, it is necessary to reduce the diameter of the flywheel 
to 18 inches to avoid interference v/hen the cylinder block extends 
to the rear of the crankcase. Addition-^ 1 plates are installed on 
the flywheel hub to partly offset the loss of inertia c;^used by 
reducing the flyvvheel diameter. 



ADAPTATION OF ALLISON BLOCK TO Tm CU^^ CRANKCASE 

The Allison C7/linder block is installed on the CUE crankcase 
complete with camshaft, camshaft cover, and all valves. Modifica- 
tions to the block are not required. The block is attached to the 
engine by mounting it on a long hea^/y plate shov^n on top of the 
crankc3se in figure 2. This mounting plate is bolted to the top 
of the crankcase. The cylinder block is bolted to this plate with 
any chosen cylinder in the firing position. The spacing between 
cylinder 3 ^nd cylinder h on the Allison block is greater than the 
spacing betv.-een the other cylinders, which prevents a simple con- 
struction with six round holes in the mounting plate. Instead, 
one round holn is provided to accommodate the firing cylinder and 
the other five cylinder barrels extend into the irregularly shaped 
openings sho™ in fij-rare 3. The spacinf: of the block hold-down 
studs also varies for different cylinders. The adjustment for 
varying stud spacing around the firing cylinder is accomplished 
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by having the studs screw into four nuts that can be moved along 
inverted T-slots in the mounting plate. No adjustment is provided 
for the studs at the other cylinders and only when cylinder 6 is 
fired can all the block hold-down studs be used. IWien other cyl- 
inders are fired, a few pairs of studs along the block fit into 
the nonadjustable stud holes in the mounting plate and keep the 
block in position. 

A flat steel plate l/U inch thick is inserted between the 
lower surface of the coolant Jacket and the upper surface of the 
mounting plate in order that the edges of the long holes in the 
mounting pl^.te, which are shorn in figure 5, will not unevenly or 
excessively wear the bottom of the aluminum coolant jacket of the 
block. 'Jvlien different cylinders are moved into firing position, 
the l/u-inch plate is moved along with the block. A standard 
Allison copper garfcet is used between the coolant jacket and the 
l/U-inch plate to provide a soft bearing surface for the aluminum 
coolant jacket. The long overhang of the plate at the front and 

at the rear of the engine is supported by two l^^-inch angle-iron 
braces that bolt to th? lower front of the crankcase or bed plate, 
as shovm in fi.gure 2. 

The Allison cylinder block requires n coolant flov/ of 120 gal- 
lons per minute at an engine speed of 3000 rpm. This flow is 
supplied by a centrifugal pump driven by a ^-horsepower inotor. 
The rate of flov; is m-^jasured by an orifice and a manometer. 

The separate intake and exhaust portv^> with similar bolt spacing 
of each cylinder of an Allison block makes it possible to use the 
same intake and exhaust pipe connections v^hen clianging from one 
cylinder to another. 

ADAPTATION OF ROLIS^ ROYCE BLOCK TO CUE CPAKKCASE 

The installation of Rolls Royce block of six cylinders is 
patterned after the Allison setup with a few changes nocossitated 
by the difference in blocks. Because the Rolls Royce block has 
equally spaced cylinders, the plate corre55ponding to the one shov/n 
in figure 3 has a round hole for each cylinder. The cylinder hold- 
down studs, however, do not have equal spacing and a sliding nut 
is used in the inverted T--slots for the studs around the firing 
cylinder. One principal difference between the Rolls Royce and 
the Allison adaptations is the m.ethod of sealing tne shaft that 
extends through the camshaft cover. The Rolls Royce block has no 
opening in the end of the valvo compartment, whi.ch makes it neces- 
sary to cut a ho].e in the valve-gear cover as shovra in figure ii. 
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The Rol?..s Royce block ha^: separate exhaUvSt ports and the 
exhaust pine can be bolted onto i^vhatever cylinder is in firing 
position. All cylinders, lioY/ever, have .1 comnon intake port, 
requirinp- separating baffles in the intake port between each tvio 
adjacent cylinders, as show in figure 



CAMSHAFT-DRIV^ MKCHAUISM 

The camshaft is driven frora one of the engine half-sp'^ed 
accessory drive shafts, as sliov/n in figure 2* In the design of 
this dri.ve, consideration was given to the use of bevel gears and 
to the use of sprockets and chain. The chain drive was chosen 
only because of the facility of constraction. The camshaft and 
the engine accesv^ory dri.ve sliaft are each coupled to the chain 
drive through aut^.vnobile drive shafts comprising t?ro universal 
counlings with a sp lined Joint, as showi in figure 2. This assembly 
allows for both radial and axial nii;:^:alinement . 

The upper drive shaft is connected to the camshaft through the 
combination adapter and f 1;^/T7heel shovm in fi<aires 2 and 6, This 
flywheel was found necessarj^ for smoothing out the torsional vibra- 
tions of the camshaft. The circumference of tnis flyivheel is grad- 
uated for use in timing tno valves* 

The method of s<'^aling Lhc camshaft drive --^t the cylinder blocks 
against oil leakage is sho'/T\ in figures U and 6 for the Rolls Royce 
and the Allison, respectively. 

The chain mechanism is enclosed in a box that is bolted to the 
end of the plate on v.^ich the cylinder block is Mounted. The chain 
box has identical upper and lower vsprockets Tiounted on shafts and 
ball bearings. The chain is a double str.-^jid, 5/8-inch pitch, 
roller type. Slack i.s eliminated from the chain by an i.dler 
sprocket located on the top si.de of the chain box approximately 
halfwaj/ between the m.ain sprockets. The chain box is supplied 
with oil from a sight-feed drip valve on top of the box. Excess 
oil is carried off through a drain so .located in the bottom of the 
box that the chai.n always dips into oil. 

The camshaft timing is adjusted through the splined coupling 
and the chain and the wSprocket. The splined coupling has 16 splines 
and :ach of th.? sprock^.tB hao 21 teeth. The timing is' advanced 67.5"^ 
when the splined shaft is advanced three splines; Y/hereas the tim.ing 
is retarded 6^.6^ when the sprocket timing is retarded four teeth, 
thus producing a rjet retardation in camshaft timing of 1.1^. 
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During engine operation all the valves in the block function 
normally and receive a normal amount of oil froin the camshaft, 
Thie fact causes small amounts of oil to run doivn the inside of 
the cylinders that are not firing. A drip pan is placed under 
each of the long holes in the plate to catch the leaking oil. 

OPERATION 

The accuracy of the valve timing is checked during operation 
by observing the timing scale on the camshaft flywheel vd.th a 
stroboscope. Variation in camshaft speed and twist in the drive 
system, which might be caused by flexibility in the drive mechanism, 
has been found bo be negligible. 

Satisfactory operation of the Allison block CUE installation 
has been obtained over a period of extensive testing, most of which 
^/as done at 3000 rpm. Tests have been conducted with indicated 
mean effective pressures up to h?.? pounds per square inch. 

Aircraft Engine Research laboratory. 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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Figure 3. - Mounting plate for Allison V-1710 block. 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Figure 4. - Camshaft oil seal for Rolls Royce V-1650 block. 
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Figure 5. - Intake baffles for Rolls Royce V-1650 block. 



